Abstract Ketamine has been the commonest abusive substance used by Hong Kong teenager since 2005. It is also the fourth commonest poison encountered in Hong Kong Poison Information Centre (HKPIC) poisoning data in 2010. From June 2008 to July 2011, HKPIC managed 188 and 96 cases of acute and chronic ketamine poisoning, respectively, which reflect its acute and chronic toxicity pattern. Demographically, there is a male predominance, and the majority is between the ages of 10-39. For the acute cases, 48 % presented with neurological features such as confusion, drowsiness, or transient loss of consciousness which usually subside with supportive care in a few hours. For the chronic cases, 92 % of them presented with features of ketamine cystitis while about 66 % presented with chronic abdominal pain. The current understanding of ketamine cystitis and chronic abdominal pain will be reviewed. Management is primarily symptomatic measures and most importantly abstinence from ketamine use.
Introduction
Ketamine is a "dissociative anesthetic" that was first synthesized in 1964; it is used as an intravenous anesthetic therapeutically and has also increasingly been used as an abusive agent. In Hong Kong, ketamine has been the commonest abusive substance in teenagers since 2005 [1] according to the data of the Central Registry of Drug Abuse in which abusive cases are voluntarily reported by law enforcement departments, welfare agencies, health care facilities, and tertiary institutions. The Hong Kong Poison Information Centre (HKPIC) was established in 2005 and provides 24-h phone consultation service to health care professionals in Hong Kong for poison information and clinical management advice. It now receives about 4,500 poisoning cases per year. From the data of HKPIC, ketamine-related poisoning contributed to 7.1 % of the poisoning case and is the fourth commonest poison encountered in the year 2010 [2] . Recreational ketamine abusers may seek medical advice for acute, sub-acute, or chronic presentations for physical, psychiatric, or social problems.
Method
From June 2008 to July 2011, the ketamine poisoning cases in the HKPIC database were retrieved to study the patterns of acute and chronic toxicity. Acute cases were defined as those who presented with an acute ketamine-related problem to the Accident and Emergency Department (AED) while chronic cases were those who presented with sub-acute or chronic problems in the outpatient clinic.
Data collected included patient demographic data (age, sex), exposure data (route, duration of ketamine abuse), clinical data (clinical features, investigations results), and management data (use of decontamination, antidotes, and other specific treatments). The presentation is further classified into each of the following entities clinically: neurological, urinary, cardiovascular, gastrointestinal, nasal, and psychiatric.
Results
Totally, there were 284 cases, including 188 acute and 96 chronic cases, respectively. All cases abused ketamine by insufflation. The age and gender distribution of our cases was shown in Figs. 1 and 2 .
For the 188 acute cases (Fig. 3 ), 90 cases (48 %) presented with neurological features such as confusion, drowsiness, or transient loss of consciousness which usually subsided with supportive care in 2 to 6 h. Sixty cases (32 %) had lower urinary tract symptoms compatible with ketamine cystitis while 50 (27 %) abusers presented with cardiovascular features such as hypertension (systolic blood pressure >160 mmHg or diastolic pressure >90 mmHg) and tachycardia (heart rate >100 per minute). Forty nine (26 %) of them presented with abdominal pain, and 19 (10 %) patients presented with acute psychiatric problems such as acute psychosis, respectively.
For the 96 chronic cases (Fig. 4) , their mean and median duration of ketamine abuse is 8.6 years (SD, 4.1 years) and 4 years, respectively. Majority (88, 92 %) of them presented with features of ketamine cystitis such as dysuria, urgency, and frequency while 63 (66 %), 40 (42 %), and 15 (16 %) of them presented with chronic abdominal pain, nasal problems (including three cases of septal perforation), and psychiatric features, respectively.
Discussion
For the 188 acute cases, the commonest presentation was neurological features. The typical acute ketamine intoxication syndrome in our case series is confusion, dizziness, impaired conscious level, or a reported transient period of loss of consciousness, with the classical "nasal halo" (Fig. 5) . From our clinical experience, nystagmus is also commonly seen on those cases who can comply with physical examination. About 27 % of our cases had cardiovascular features; nearly all of them were in the form of mild hypertension and tachycardia. The clinical effect usually lasts for a few hours, and most cases can be managed with conservative and supportive measures. The findings are comparable to our study concerning the ketamine abusers' presentation in AED from 2005 to 2008 [3] .
For the 96 chronic cases, 92 % of them have features of ketamine cystitis. The typical clinical syndrome of ketamine cystitis includes lower urinary tract symptoms such as dysuria, urgency, and frequency. There are also features of small, painful bladder and upper urinary tract obstruction. Apart from Hong Kong, ketamine cystitis is known and reported in countries including Canada, Japan, Taiwan, the UK, and others [4, 5] . The causative agent for ketamine cystitis is believed to be ketamine itself or its metabolites. Although the possibility of unrecognized adulterants to be the cause for the syndrome is raised, it is very unlikely based on the fact that the syndrome is similar in different geographic areas over time in which the adulterant is expected to vary. For the mechanism of damage, it is still unconfirmed at this moment, and possible mechanisms including direct toxic damage, microvascular injury, or immune-related damage to the urinary tract by ketamine or/and its metabolites were suggested [6] . Concerning the duration of ketamine abuse and the development of ketamine cystitis, our data found the median years of exposure was 4 for our cohort in which 92 % of them have features of ketamine cystitis. Another study in Hong Kong found that a ketamine abuser with at least 2 years of exposure (more than three uses per week) had significantly lower voided volume and higher scores in the Pelvic Pain, Urgency and Frequency questionnaire, which is comparable with our clinical experience [7] .
Until now, no proven effective treatment for ketamine cystitis is established except ketamine abstinence. A recent study of 66 ketamine abusers found that the voided volume was significantly higher for those who quitted ketamine for more than 1 year than those who still abused ketamine or stopped it for less than 3 months [7] .
In our chronic cases, two thirds had features of ketamineassociated abdominal pain. The pain is usually moderate to severe, dull or cramping pain in the epigastrium, with associated nausea and vomiting, and some cases have deranged liver function tests also. Case reports suggested the pain being biliary in origin [8] [9] [10] , in the form of cholestasis and biliary dilatation with uniform pattern, with fusiform dilatation of the entire common hepatic and bile duct [8] . However, the mechanism of this pathology remains unknown. In a retrospective study of 37 ketamine abusers for the upper gastrointestinal problems [11] , 75.7 % of them had upper GI symptoms, which are comparable to our chronic cohort. Fifteen (40.5 %) and 9 (24.3 %) of them had elevated alanine aminotransferase (ALT) and alkaline phosphate (ALP), respectively, but the study was unable to demonstrate any association between epigastric pain and deranged ALT or ALP. Only 14 of the abusers underwent an esophagogastroduodenoscopy examination in which 12 of them had gastritis while one abuser had gastroduodenitis and the other had a normal finding.
The management of ketamine-associated abdominal pain is primarily symptomatic and again, most importantly, abstinence from ketamine use. It was shown that the odd ratio of symptomatic relief of the abdominal pain is 12.5 (95 % CI 1.2-130) for those who stopped ketamine versus those who continued its use [11] .
There are several limitations of this study. First of all, our consultation and reporting system was on a completely voluntary basis. Secondly, data were obtained from the consulting medical professions and may be incomplete in some case. However, given the number of case we received (4,500 per year) and the accessibility to the clinical records of nearly all of our consultation/reporting cases, we believed the data represented the updated acute and chronic presentations of ketamine abusers in Hong Kong.
Conclusion
We present a large case series of 284 ketamine abuser with regard to their acute and chronic toxic manifestations. In acute intoxication, neurological features in terms of confusion and impaired consciousness are the commonest presentations. For chronic presentations, majority had features of ketamine cystitis and chronic abdominal pain. Management is primarily symptomatic measures and most importantly abstinence from ketamine use.
